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ABSTRACT

Ofthe 135,401 striped bass young-of-year (y-o-y)fingerlings stocked at four study
sites in Norris Reservoir in 1995, only 106 were recaptured using electrofishing, gill nets
and seines. Food habit analysis was performed on all striped bass; a representative sample

oflargemouth (n=93)and smallmouth (n=22) bass y-o-y were also examined for food

items ingested. Midge and mayfly larvae, copepods, and Daphnia lumholtzi were the
dominant food items found in fish less than 7 cm in length. On reaching 7 cm in length,

y-o-y striped bass preyed primarily on larval shad (Dorosoma spp.). Striped bass attained
this length approximately two weeks earlier in the growing season than largemouth;
smallmouth switched to fish approximately four weeks after the largemouth. Largemouth

preyed on shad, bluegill, and other largemouth while smallmouth utilized bluegill almost
exclusively.
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CHAPTER 1
INTRODUCTION

The striped bass, Morone saxatilis, is an anadromous fish capable of completing its
life cycle in land-locked freshwater impoundments; Santee-Cooper was the first reservoir
in which this fact was documented (Scruggs 1955). Striped bass were introduced into

reservoirs for two purposes:(1)to control large clupeid {Dorosoma spp.) populations

(Stevens 1957), and (2)to provide a new and different option for anglers (Mealing 1989).
In the mid-1960's, the Tennessee Wildlife Resource Agency(TWRA)began

stocking striped bass fingerlings in local reservoirs. The following Tennessee reservoirs
were stocked with striped bass fingerlings: Boone, Cherokee, Chickamagua, Kentucky,
Melton Hill, Norris, Old Hickory, Percy Priest, Tims Ford, and Watts Bar (Mealing 1989).
The reservoirs that were stocked were chosen due to suitability oftheir water quality,
forage base, and habitat.

Since the introduction of striped bass into Norris Reservoir in 1966, many
concerns have been raised. These concerns are related to the effects that the striped bass

have on the forage species as well as the gamefish in the reservoir. Studies have been
performed on food habits of a variety of young-of-year (y-o-y) species in Norris
Reservoir. Bennett(1995) performed a study on food habits of sub-legal black bass

(Micropterus spp.), while Garner(1995) reported on food habits of crappie(Pomoxis
spp.) with copepods being the primary food item ingested.

Food habits of striped bass have also been examined. Richardson (1982)found
chironomids and crustaceans to be the major food items until the striped bass reached 15
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cm at which length the striped bass switched to a fish diet. Similar studies have also been
completed on other neighboring reservoirs. Humphreys(1983)and Mealing(1989)
reported on food habits ofjuvenile striped bass stocked into Cherokee Reservoir. Saul

(1991)found that striped bass fingerlings stocked into Cherokee Reservoir did not switch
to a fish diet until 20 cm in length.

The primary objective ofthis study was to determine the food habits ofthe y-o-y

striped bass in Norris Reservoir. In addition, food habits of other sportfish collected
within the study area were determined and compared to striped bass to evaluate potential
overlap in their diets.

CHAPTER 2

LITERATURE REVIEW

Many studies have been conducted on landlocked populations ofthe striped bass.

A large majority ofthe research has focused on growth and movement of adults, but
recent interest in the striped bass has resulted in an increase ofliterature devoted to

young-of-year (y-o-y). The key focus ofthe research has been directed toward food
habits, growth, movements, and survival ofthe y-o-y striped bass.

Striped bass, with a native range ofthe Atlantic Coast and the Gulf of Mexico,
were introduced into the San Francisco Bay in 1897(Scofield 1931). The first attempt at
a freshwater introduction was not successful, but at Santee Cooper Reservoir in South

Carolina, striped bass were able to complete their life cycle (Stevens 1957), after closure
ofthe dam.

Reports on food habits of y-o-y differ within different regions of the country. A

study in California found that fish are not an important part ofthe striped bass diet
(Heubach et al. 1963), while studies in Kentucky and Florida found that fish were a large
part ofthe diet of y-o-y striped bass(Wigfall and Barkuloo 1975, Kinman 1988). The
growth rate of y-o-y that utilized fish as a significant food source was greater than those
where fish were not consumed (Ware 1970).
There are several food items on which many ofthe research reports agree.

Copepods, cladocerans, and insects were consumed in large quantities when available

(Harper and Jarman 1971; Humphries and Cumming 1971). Mealing (1989) stated that
ofthe crustaceans that were found in stomach contents, 97% were either copepods or

4

cladocerans. Copepods were most utilized by y-o-y in the 10-30 mm range(Harper et al.
1968), totaling up to 22% ofthe total prey biomass in the stomach (Rulifson et al. 1988).

As striped bass increased in length. Harper and Jarman (1971)indicated that feeding
selectivity occurred with cladocerans and insects becoming the food sources of choice.
There is some indication that there is a preference in species ofinsects chosen as

food items. Saul(1981)showed that dipterans and ephemeropterans totaled 60% ofthe
insects that were consumed by striped bass. Boynton et al.(1976), however, reported that

y-o-y striped bass consumed food items in proportion to their abundance in the
environment.

The importance offish in the diet ofthe striped bass is often contradicted. Gomez
(1970)and Saul(1981)found that fish were rarely found in the diets ofthe y-o-y.
Mealing(1989)found that striped bass switched to a fish diet as early as 5 cm in length,
although the average size class for utilizing fish in their diet is the 15-17 cm range

(Richardson 1982). Kinman (1988)found in Lake Cumberland, Kentucky, that 64% of
the y-o-y striped bass had threadfin shad, Dorosoma peienense, in their stomachs.
Humphreys(1983)found that 97% ofthe fish in the stomachs of y-o-y striped bass were
identified as shad. A study by Filapek and Tommey(1984)revealed that 92.8% of all
food items found in adult striped bass were Dorosoma spp.

CHAPTER 3

DESCRIPTION OF STUDY AREA

Norris Reservoir, the oldest in the Tennessee Valley Authority(TVA)system, was

completed in 1936 and is a multipurpose reservoir intended for power generation, flood
control, and recreation. The reservoir is located approximately 40 km north of Knoxville,
Tennessee (Figure 1). The two major tributaries ofthe impoundment are the Clinch River
and the Powell River (Figure 2). The reservoir ranges 116 km up the Clinch River and 90

km up the Powell River. At normal pool, it will maintain an elevation of310.9 m and will
have a surface area of 13,840 ha with a shoreline distance of 1,286 km. The total drainage
for the area at the dam is 7,542 km^ (Moss 1967). TVA fluctuates the water level of

Norris Reservoir during the course ofthe year, with an average fluctuation of9.2 m. The
water level is reduced to winter pool levels by January 1 and will be at normal pool by the
end of May.

The sampling points for this study were located on the major tributaries ofthe

reservoir (Figure 3). These areas were consistent with TWRA's stocking locations ofthe
striped bass. The Clinch River sampling area was Black Fox Boat Ramp, located at
Clinch River Mile 128(CRM 128). The three other sites were located on the Powell

River. They are Flat Hollow, Powell River Mile 19.4(PRM 19.4), Union County Boat
Dock,PRM 30, and Earl's Hollow,PRM 49. River miles are used in this study to remain
consistent with the maps that represent the Norris Reservoir system.

Norris Reservoir

Figure 1. Map of Tennessee showing location of Norris Reservoir.
On
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Figure 2. Map of Norris Reservoir showing major tributaries.
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Figure 3. Map of Norris Reservoir showing sample sites: Earl's Hollow, Black Fox,
Union County Boat Dock, and Flat Hollow Marina.
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CHAPTER 4
METHODS

During the period from 13 July to 28 July 1995, the TWRA introduced 135,401

fingerling striped bass into four study sites in Norris Reservoir, Tennessee. These
fingerlings were reared at TWRA's Eagle Bend Hatchery in Clinton, Tennessee, using
brood stock from local reservoirs. The fingerlings were removed from holding ponds and

stocked with the largest fingerlings being 292 per kg (76.2 mm);fingerlings were stocked
at different sizes due to growth rates and date of stocking, with the smallest fingerlings
being stocked at a rate of 1018 per kg.

Sampling was conducted weekly. The Flat Hollow and Union County sites were
discontinued after the initial sample period because no stocked fingerlings were recovered.

Black Fox was sampled for a seven-week period lasting from 13 July to 23 August 1995.
Earl's Hollow had a 12-week sample period that lasted from 12 July to 27 September

1995. Sampling at Black Fox and Earl's Hollow was discontinued when no striped bass
were captured for a two-week period in any ofthe collection method samples.

Gill Nets

Gill nets were used at each site to aid in recovery ofthe striped bass fingerlings, as

well as y-o-y of other game and forage species. Two gill nets were set in each area about
one hour before sunset and fished for approximately two hours. The nets were set

perpendicular to the shore with one end tied close to the bank. As the nets were checked,
length(cm)and weight(g) was recorded for all species captured.
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The two nets that were used were of experimental design. The nets were 30.5 m

in length x 1.5 m in depth, having five 6-m panels with mesh sizes of 12.7, 19.0, 25.4,
31.7, and 38.1 mm. The nets were made of nylon monofilament and had core float and
lead lines. The nets were held in place by weights at either end and marked with a float on
the offshore end ofthe net. The smaller mesh panels were set closest to the bank.

Electrofishing

At each ofthe sample areas, electrofishing was used in conjunction with the gill
nets for fish collection. Shocking was conducted the last hour before sunset in the same

sampling areas in which the gill nets were placed. Both Black Fox and Earl's Hollow were
sampled for two equal shocking periods. Shocking periods at each site were for 900

seconds(15 minutes) each and shocking each area twice provided 1800 seconds(30
minutes) of electrofishing at each sample date. All fish collected during shocking were
identified, measured, weighed, and released.

Electrofishing was conducted from a boat equipped with a Smith Root Model
VI-A electrofisher powered by a 230-V AC generator . The boat was fitted with two
booms that supported a total of five cables. While the equipment was operating, the
amperes ranged between 7.0 and 8.0.
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Seines

Seining was conducted with a 15.25-m x 1.5-m bag seine having a mesh size of6.3
mm. The seine had a float line and a weighted lead line. At each location, a minimum of
two standard hauls were made on each sampling period. A standard seine haul involved

both ofthe seiners going out into the water approximately 1.5 m in depth. Then one of
the seiners would walk parallel with the shoreline until the seine was stretched to its

maximum length. At that point both seiners rapidly headed for the shore making sure that
the lead line remained in contact with the bottom until the seine was pulled up onto the

shore(Humphreys 1983).

Seining was conducted primarily on the boat ramps due to the surrounding rocky
substrate which made seining difficult. The seining was conducted at approximately 2200
hours on each sample date. Two seine hauls were performed at each site on every
collection date. Fish captured in the seine were placed into 10% formalin and brought
back to the lab for analysis.

Light Traps

At each site, two light traps were set at each sampling period. All ofthe light traps

were set for a period oftwo hours, from dusk to approximately 2230 hours . The light
traps were used to sample the aquatic invertebrates at each sampling area.
The light traps consisted of a plastic cylinder 60.9 cm long by 45.8 cm in diameter.

Around the cylinder were four evenly spaced clear plexiglass windows. These windows
were used to funnel the aquatic invertebrates toward the light being emitted from the

12

center of the trap. The light was produced by two chemical light sticks(Cyalume No.

9-27017) placed in the center ofthe trap. The yellow light produced by the lightstick
attracted the aquatic invertebrates into the light trap. The bottom of the light traps had a
removable cylinder(17.8 cm in diameter and 7.6 cm deep) with a screen on the bottom

(Gamer 1995). This facilitated removal and storage ofthe invertebrates collected.
The light traps were placed in approximately the same area as the gill nets. Light

traps were set using an anchor and a float to assist in maintaining a vertical position.
When a trap was retrieved, it was pulled up by the float. This allowed the organisms in
the trap to be forced onto the screen by the water escaping the trap. The screen was
removed when all ofthe water had drained from the trap. Using distilled water,

invertebrates were rinsed from the screen into ajar. All samples were preserved in the
field by adding 40% isopropanol to the jars.

Plankton Nets

Plankton nets were also utilized at each of the study areas to aid in determining the

aquatic species composition of each area. Within each area, vertical tows were conducted
at two locations; tows were taken approximately 30 m off-shore and pulled from the

bottom to the surface at a steady pace. The samples were rinsed from the screens with

distilled water and preserved by adding 40% isopropanol to the collection jars. The net
used had a diameter of47 cm and a mesh size of 12.6 squares per cm, resulting in an

opening area of 1,735 cm^.
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Identification of Collected Invertebrates

The samples collected were poured through a U.S.A. Standard Testing Sieve No.
60(60 mesh) with a mesh size of250 microns. The screen was then rinsed with distilled
water and the sample was placed into a 3790 ml container and filled with distilled water.
The contents ofthe container were then shaken and 1 ml subsamples were taken using a

Hensen-Stempel pipette. This was repeated five times for each sample. The subsample
was placed into a petri dish and each organism was identified to the lowest taxon possible
and counted. Identification keys by Pennak (1978) and Needham and Needham (1962)

were used to identify all invertebrates other than insects that were collected. All aquatic
insects were identified using a key by Brigham, Brigham, and Gnilka (1982).

Food Habit Analysis

Diets ofthe fish were determined by removing the stomach of each fish and

analyzing the contents. This was done by making a ventral incision from the pelvic fins to
the anus. The abdominal cavity was opened and the entire stomach was removed. The
stomach was then cut length-wise and all contents were scraped and washed into a petri
dish. The contents were identified under a 40x dissecting scope. Identification keys by

Page and Burr(1991) and Etnier and Stames(1993) were used in identifying any fish
remains found in stomachs that contained fish. If intact fish were found in the stomach,

then the length ofthe consumed fish was recorded.

During the study, y-o-y largemouth bass and spotted bass were lumped together
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for analysis; the resulting data will be discussed as largemouth bass. This was done due to
the difficulty that arises in distinguishing the two species at such small sizes. In addition,
when shad are mentioned, the reference is to threadfm shad. This is because even though

only 64% ofthe shad sampled were threadfm, approximately 90% of the threadfm
collected were in the size range that was being consumed. Also, shad found as stomach

contents were often partially digested, making positive identification difficult.

Water Quality

At each ofthe sampling dates, selected water quality measurements were taken.
The YSI Model 51-B was used to record water temperature and dissolved oxygen

contents. These measurements were taken at 1-m intervals from the surface to the bottom
ofthe reservoir. These measurements were conducted at each sampling period and were
performed at 2000 hours.
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CHAPTER 5

RESULTS AND DISCUSSION

Light Traps

Results ofthe light traps show that Earl's Hollow provided a larger diversity of
invertebrates with several types ofinvertebrates being collected over the course ofthe

study. These included the cladoceran Daphnia lumholtzi, a Chaoborus midge, two other
dipteran midges(chironomid and simulid), copepods(when copepods were observed
during the course ofthis study suborders Calanoida and Cyclopoida were the dominant
species), a water mite(Hydracarina), 2 beetles(an elmid and a haliplid), and an
unidentified spider (Figure 4). The light samples at Black Fox resulted in only five
different types of organisms being collected; Daphnia lumholtzi, Chaoborus, dipteran

midges, copepods, and Leptodora (Figure 5). Although Black Fox had less species, the
subsample produced 199 organisms with only five trap-nights. Earl's Hollow only
produced 225 organisms from the subsample that consisted of 11 trap nights.
Light traps were used to obtain the variety and densities of organisms in the

sampling area, although the light trap can be a very selective method of collection. The
organisms found in the light traps were either attracted to the light or were predators of

organisms that are attracted to the light(Gamer 1995). The organisms were also limited
by the amount oftime they had to travel to reach the light trap; on the other hand, many
organisms were not attracted to the light. Therefore, the light traps did not provide a true
representation of all species of organisms in the area, but did serve as a useful tool in

351

30

25

H Daphnia lumholtzl

N
U

Chaoborus

20

[Zl Dipteran midge

m

Copepod

b

e

□ Other

15

r
10

I

7/18/95 7/24/95 8/2/95

11

8/8/95 8/15/95 8/22/95 8/29/95 9/6/95 9/12/95 9/19/95 9/27/95

Sample period

Figure 4. Organisms collected by light trap at Earl's Hollow.
ON

70

N

lliJ Daphnia lumholtzi
50

Chaoborus

u
m

b

I I Dipteran midge
II Copepod

40

I J Leptodora

e
r

30

10

1
7/19/95

8/3/95

8/9/95

8/16/95

8/23/95

Sample Period

Figure 5. Organisms collected by light trap at Black Fox.

18

determining species composition when used in combination with other sampling methods,
i.e., plankton net.

The trends in abundance of organisms collected were comparable between the

study areas. Black Fox and Earl's Hollow had a severe decline in the Daphnia lumholtzi

populations the first week of August; their densities never attained the levels found when
sampling first began. Numbers of Chaoborus remained constant in relative abundance at
both study areas, although Earl's Hollow sampling revealed that it hosted a higher

population than Black Fox. Numbers of other unidentified dipteran midges also remained
constant throughout the course ofthe study, with Earl's Hollow sustaining a slightly
higher population than Black Fox.

The abundance of copepods varied slightly between sites. Copepod numbers at

Black Fox sharply decreased during the end of July, but populations steadied and remained
constant for the remainder ofthe study. The copepod population at Earl's Hollow

exhibited a sharp increase in numbers around the end of July and an equally large decline
in numbers the first week of August. After the decline, the numbers of copepods remained
constant for the duration ofthe sampling period.

Plankton Nets

The results ofthe plankton net collections were similar to those from the light

trapping. Collections from the plankton nets were not as species selective as the light
traps. The nets were retrieved through the water rapidly enough to prevent any organism
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from escaping the net; the mesh size was large enough to allow water to continually flow
through the net to avoid any displacement of either water or organisms.
Trends in the abundance of organisms collected by plankton nets were similar

among sampling sites (Figure 6 and Figure 7). At Earl's Hollow,Daphnia lumholtzi
numbers exhibited a sharp decrease beginning the middle of July until the first week in

August; after that time, population numbers remained constant for the remainder ofthe
sampling period. Daphnia lumholtzi populations at Black Fox also showed a sharp
decrease in the middle of July, and had an equally large increase at the end of July. The
population level then decreased slowly over the remainder ofthe study.
The abundance of copepods at Earl's Hollow declined drastically during the middle

of July, but remained constant for the duration ofthe project. The population at Black
Fox remained constant during the study. Also remaining constant was the population of
Chaoborus at Black Fox; the Earl's Hollow population suffered a decrease in the middle

ofJuly. In mid-September, chironomid larvae began to show up in the plankton tows at
Earl's Hollow; they had not previously been collected at either site prior to that time.
The densities of organisms per cubic meter of water were calculated for the

plankton tows to compare relative abundance ofspecies at the two sites (Figure 8 and

Figure 9). Plankton nets and light traps showed that the relative abundance ofthe
collected organisms was approximately equal for the study sites. There was a noticeable
difference in copepods and Chaoborus concentrations at Earl's Hollow. Numbers of both

organisms showed a sharp decrease during the middle ofJuly and then held steady until
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the first week of September. At that point, the densities ofthese organisms increased
dramatically for the remainder ofthe study.

Fish Collection Methods

Ofthe 135,401 y-o-y striped bass stocked in the study areas, only 106 were
recovered. During the sampling periods, several other y-o-y species were also collected:

largemouth bass(M salmoides), spotted bass(M punctulatus), smallmouth bass(M
dolomieu), white bass(M chrysops), white crappie(Pomoxis anrmlaris), walleye

{Stizostedion vitreum),flathead catfish (Pylodictis olivaris), channel catfish (Ictalurus
punctatus), and bluegill {Lepomis macrochinis). Earl's Hollow provided 96% ofthe
striped bass recaptures with Black Fox contributing the remaining 4% ofthe y-o-y striped
bass. The sites at Flat Hollow and Union County Boat Dock did not provide any

recaptures ofthe striped bass, so sampling in these areas was terminated.

Characteristically, striped bass have demonstrated that they disperse rapidly in a
downstream movement once they have been introduced into a reservoir (Higginbotham

1979). The lack of recaptures in these areas may be attributed to this dispersal.
Humphreys(1983)stated that striped bass will disperse to more effectively utilize food
sources.

Several methods of collection were used in varying amounts of effectiveness

(Figure 10 and Figure 11). Seining proved to be the most productive, accounting for
86% ofthe recovered striped bass at Earl's Hollow and 100% ofthe striped bass at Black
Fox. Gill nets provided 9% ofthe sample with shocking providing only 5%. The
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effectiveness of collection methods varied considerably for the other species collected. At

Black Fox, largemouth bass were most efficiently collected by electrofishing(53%)with

gill netting proving to be the least efficient(15%). At the same site, seining(60%)was
more productive than shocking(40%)for smallmouth bass. Seining(48%)and shocking
(45%)were equally as effective when collecting y-o-y bluegill.
Earl's Hollow collections indicated that shocking(39%)proved to be more

effective than gill netting(34%)and seining(27%)when collecting y-o-y largemouth, yet
the differences were not as varied as those at Black Fox. Seining was the only method

that was effective for collecting y-o-y channel catfish at Earl's Hollow. Bluegill collection

efficiency also varied between sites with seining(44%)and gill nets(41%) yielding the
majority ofthe sample at Earl's Hollow.

Food Habits

As mentioned above, 106 y-o-y were recovered in the study areas. Gut analyses

were performed on all ofthe striped bass. Also collected and examined for food habits
were juveniles of eight other species, including 61 bluegill, 16 channel catfish, 93
largemouth bass, 22 smallmouth bass, 3 white crappie, 2 walleye, 2 white bass, and 1
flathead catfish y-o-y. The percentage offish with food in the stomach was higher than

expected, with 75% of all fish having food in their guts. Almost three-fourths of the

y-o-y striped bass had stomachs with food present(73%), largemouth bass, smallmouth
bass, and bluegill showed similar results with percentages of75, 72, and 78, respectively.
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The comparisons offish with food present in their stomachs were very similar for
the two study areas. The total number ofgut analyses performed on y-o-y fish was 298.
A total of225 ofthe 298(75.5%) had food items in their gut. Channel catfish had the

highest percentage of stomachs containing food with 81% , bluegill with 78%,
largemouth bass 75%, striped bass with 73%, and smallmouth bass with 72%. Results of

Chi-Square tests on the data indicated no significant differences in the percentages of
stomachs with food between the two sampling sites.

Largemouth bass at Black Fox had a much more varied diet than the striped bass,
smallmouth bass, and bluegill; they utilized 14 different organisms for food (Table 1).
The most abundant was Chaoborus(found in 30% ofthe stomachs), but the numbers
recovered in the stomach contents were low. Shad only occurred in 14% ofthe stomachs

but they were utilized almost exclusively by the largemouth(95% ofthe shad were found
in largemouth stomachs). Bluegill(13%)and largemouth(7%) y-o-y were also found as
food items that were also used almost exclusively by the largemouth. Ofthe 12 mayfly

larvae (Ephemeroptera, Ephemerillidae)found in any fish stomachs, 75% ofthem were

found in largemouth bass. The largemouth did not prey on food items in relation to their
abundance at the study area, but demonstrated that active selection for food items may

have occurred. This may have been a result ofthe gape size ofthe largemouth allowing it

to prey upon larger food items. Also, largemouth bass may have been feeding on larger
food items in lower quantities to consume the amount offood required, while other

species were consuming smaller food items in much larger quantities to reach the same
amount offood.

Table 1. Number offood items ingested by four young-of-year species at Black Fox.

Food Items
BG

LMB

Shad

Chironomid

Daphnia

Ephemeroptera

Chaobonts

Leptodora

Copepod

TOTAL

lumholtzi
BG

0

0

0

15

33

2

57

15

51

188

LMB

17

4

19

3

6

9

40

13

9

132

SMB

8

0

0

4

9

1

32

1

11

74

STB

1

0

1

0

0

0

0

0

0

2

26

4

20

22

48

12

129

36

71

396

TOTAL

EG LMB -

Bluegill
Largemouth bass

SMB -

Smalimouth bass

STB -

Striped bass
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The food habits ofsmallmouth y-o-y indicated that fish did not play as large a part in their
diet as did zooplankton and other aquatic organisms. Chaoborus occurred in 43% ofthe
fish but only comprised a small percentage ofthe gut contents. Other food items utilized
by the smallmouth were Daphnia lumholtzi, copepods, bluegill, and Chironomidae larvae.
Ofthe smallmouth studied at this sample area, there did not appear to be any preference
for food items, but rather utilizing what was abundant at the time.

The bluegill utilized only crustaceans and aquatic insects. Chaoborus(32%)and
copepods(27%) were the primary food items. They resulted in 42% and 71%,

respectively, ofthe total food items collected in stomachs. Other organisms used as food
items by bluegill were Daphnia lumholtzi, Chironomidae larvae, and Leptodora. All of
the food items ingested by bluegill were consumed in higher numbers than by other
species; this was attributed to the smaller size ofthese organisms when compared to larval
fish, Chaoborus, and mayfly larvae .

There were only 4 y-o-y striped bass recovered at Black Fox during the study.

With two ofthe stomachs empty, the data obtained were deemed statistically insignificant.
Fish were the contents ofthe other two stomachs; one contained a bluegill and the other
contained a shad.

Reviewing the food items found during the course ofthe study indicated that there

was some selection among species for food, as the most plentiful is not used by all the

species. Chaoborus was found in 35% of all stomachs, copepods in 18%, and Daphnia
lumholtzi in 12%. Fish were only found to be food items in 12% ofstomachs containing
food, yet they played a large role in the food habits ofthe striped bass. The Chi-Square
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test detected that there was a significant difference in the food habits ofthe different

species within the same study area. The stomach analysis from all the y-o-y fish sampled
at Earl's Hollow revealed that food habits were very similar to those at Black Fox (Table

2). Daphnia lumholtzi were found in 38% oflargemouth bass stomachs; they consumed
45% ofthe Daphnia lumholtzi that were found as food items. Shad was the next most
common food item, with 22% ofthe sample having shad in their diet. Largemouth was

the only species found during this study to prey upon themselves, although cannibalism
and the few bluegill consumed by the y-o-y largemouth resulted in only 5% ofthe total
diet ofthe largemouth. The remainder ofthe food items were copepods(17%),

Chaoborus(7%)and chironomid larvae(7%). Although fish only make up 27% ofthe
total diet, the diet switched almost exclusively to fish once the fish reached 7 cm in length.

The largemouth did not need to consume the fish in large numbers as with other
organisms, due to the increased size ofthe prey.
The food items that bluegill were utilizing were almost identical between the two

study areas. Crustaceans(copepods and Daphnia lumholtzi) made up 44% of the diet
while dipteran midges {Chaoborus and chironomids) contributed 52% ofthe diet. The
bluegill consumed over 50% ofthe total ofthese organisms that were found in stomach
contents.

The y-o-y striped bass had a varied diet at Earl's Hollow, although it was

comprised entirely of aquatic insects and fish. This could be the result ofthe larger size of
the y-o-y striped bass when compared to the other species during the sample period. The
striped bass collected switched to a fish diet when they attained a length of7 cm. All of

Table 2. Numbers offood items ingested by five young-of-year species at Earl's Hollow.
Food Items
BG

LMB

Shad

Chironomid

Daphnia

Ephemeroptera

Chaobonis

Leptodora

Copepod

TOTAL

lumholtzi
BG

0

0

0

40

80

5

122

7

55

309

LMB

7

1

38

12

67

1

12

3

29

171

SMB

0

1

0

0

0

1

2

0

0

3

STB

15

5

106

0

0

0

0

0

0

126

CC

0

0

1

0

2

6

78

18

11

116

TOTAL

22

7

145

52

149

13

214

28

95

725

BG LMB -

Bluegill
Largemouth bass

SMB -

Smallmouth bass

STB -

Striped bass

CC -

Channel catfish
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the striped bass smaller than 7 cm did not have any food items in their gut. Although the

largemouth and striped bass y-o-y switched to fish at the same size, the striped bass
reached 7 cm earlier in the growing season than the largemouth. The faster growth ofthe

striped bass may have helped avoid any direct competition between the two species for
food items.

Shad were the primary food item selected by the y-o-y striped bass; 75% ofthe
fish with stomach contents yielded shad. They consumed 73% ofthe shad that were found
as food items at this study site. Bluegill was the next most utilized species of prey

comprising 11% ofthe striped bass diets; largemouth bass fry contributed 4% to their
diet. Other fish species found as stomach contents were: 1 stoneroller {Campostoma

anomalum),4 silver shiners (Notropis photogenis), 4 striped shiners {Luxilus
chrysocephalus), and 1 y-o-y walleye (3.1 cm in length). Aquatic insect larvae(two
hellgramites and one dragonfly) were only found in three ofthe striped bass stomachs.
Also found in one stomach was a crawfish; the species was not identifiable due to partial

digestion. However, it was most likely Orconectes rusticus', this was the only crayfish
found in the stomachs ofjuvenile black bass from Norris in a recent study by Bennett
(1995). The y-o-y channel catfish that were collected preyed almost exclusively on

Chaoborus(65%)and Leptodora(15%). The catfish also utilized 9% ofthe copepods
and 46% ofEphemeroptera that were recovered in the stomach analysis.
Other species that were collected in insignificant numbers were walleye and white

crappie. One y-o-y walleye(16 cm in length) contained two shad in its stomach. Two
white crappie were collected; they utilized Chaoborus, Daphma lumholtzi, and copepods
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for food.

When comparisons between food habits and the species composition from the light
traps and plankton nets were made, the results indicated that the y-o-y fish did not feed on
what was most abundant in the area. At Black Fox, copepods out-numbered all other

organisms collected, yet were only found in 18% ofthe stomachs. Daphnia lumholtzi
numbers were only slightly less but they were found in 48% ofstomachs examined.
Copepods and Daphnia lumholtzi were approximately six times as plentiful as were
Chaoborus, yet they occurred in 33% of stomachs. The high percentage of Chaoborus
found in stomachs would indicate that preference is given to them when they are available.

The overall population of Chaoborus sampled during the study did not show any major
changes in the number of organisms over time.

Chaoborus were utilized by bluegill, largemouth bass, and smallmouth bass at

almost equal rates until the largemouth and smallmouth switched to a fish diet. The

bluegill continued preying on Chaoborus, with the midge comprising 31 % oftheir total
diet.

When the chironomids and Daphnia lumholtzi were examined as food items, the

Chi-Square test detected significant differences in the species preying on them. Bluegill
consumed over 65% of both organisms where as largemouth and smallmouth bass preyed

on them equally until they reached the 7 cm in length. Both largemouth and smallmouth
y-o-y switched to a fish diet at 7 cm in length. The largemouth reached this size by late

July with the smallmouth not reaching this length until the end of August. Once on a fish
diet, the largemouth consumed y-o-y bluegill and shad almost equally, while smallmouth
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preyed almost exclusively on y-o-y bluegill. In addition, approximately 3% ofthe
largemouth's diet consisted of other y-o-y largemouth bass.

The comparison between food items and species composition at Earl's Hollow
indicated that Daphnia lumholtzi was most abundant and was found in more stomachs
than the other organisms. There was no significant difference among the species that
utilized them as a food source. There were four times as many Daphnia lumholtzi as

Chaoborus yet they were found in 30% ofthe stomachs with contents. Also, copepods
were found in great abundance in the light traps and plankton nets, yet were preyed upon

by only 13% ofthe species. There was a significant difference among the species using
Chaoborus and copepods. Bluegill consumed almost 60% ofthese organisms. Channel
catfish preyed on Chaoborus for 66% oftheir diet. Largemouth and smallmouth y-o-y
used Chaoborus and copepods until switching to a fish diet. Chironomid larvae occurred
in low numbers and were preyed upon almost exclusively by bluegill.

The y-o-y largemouth bass at Earl's Hollow switched to a fish diet when achieving

a length of6.5 cm (the third week ofJuly). There were no smallmouth y-o-y collected
that had switched to a fish diet. The y-o-y striped bass collected were on a fish diet by the

time they were 7 cm in length. The only striped bass collected shorter than 7 cm did not

have any items in their stomach. The y-o-y striped bass preyed upon shad for 75% of its
diet, bluegill were preyed upon for 11% ofthe diet, and largemouth y-o-y contributed

only 3% ofthe diet. One walleye (less than 1% ofthe total diet) was found in a striped
bass stomach.

Once largemouth y-o-y switched to a fish diet, the fish consumed consisted
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almost entirely of shad. Bluegill and other largemouth combined only contributed 6% of
the total diet ofthe largemouth bass.

When the food habits ofstriped bass, largemouth bass, and smallmouth bass are

compared, it was obvious that y-o-y striped bass consumed fish more readily than the
other species. Striped bass, once on a fish diet, had higher percentages of stomach
contents with fish than largemouth and smallmouth (Figure 12). There are several

possible explanations for this:(1) shad were found to be abundant in open water, the same
habitat utilized by the y-o-y striped bass;(2) during the sample period, the gape size ofthe

striped bass was larger than that ofthe other bass due to its increased size, making it
easier to utilize fish in their diet;(3)it has been suggested that the metabolic rate ofthe

striped bass may be higher than the black basses, thus they may require more food; and (4)
based on the gut contents of y-o-y striped bass, the size of prey available was ideal for
striped bass consumption. When fish are not utilized as food items, the y-o-y prey

primarily upon aquatic insects. This was probably the result ofthese fish being sight
feeders and the larger insects were detected more easily than other organisms.

Water Quality

At 1 m depth, the temperatures ofEarl's Hollow ranged from 26 to 31 C during
the course ofthe study (Figure 13). The temperatures at 3 m in depth over the same

period ranged from 23 to 28 C. Temperatures at Black Fox were very similar, although
there was not as noticeable a difference between the 1 m and 3 m depths. One possible

consideration for the difference in temperatures was the difference in the study areas.
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Earl's Hollow study area is a more riverine environment. Riparian growth provided a
more closed canopy than was found at Black Fox. The shade provided from the canopy

may have prevented the temperature from reaching the higher levels . Black Fox was a
shallower, protected cove that had little current, allowing the water to warm more quickly
than the deeper Earl's Hollow area.
The thermocline was determined for each ofthe study sites and the results were

very similar. The depth ofthe thermocline ranged from 3 m to 8 m in depth. Due to the
summer stratification ofthe reservoir, fish were forced to remain in the epilimnion. With

this zone being so shallow, the collection methods were more effective in capturing y-o-y
species, as most ofthe species were collected in 5 m of water or less.

Habitat Preference

The y-o-y striped bass remained in the Earl's Hollow stocking area for a 10-week

period (18 July until 12 September) and were collected only once at Black Fox (29 July).
The movement of y-o-y fish from the latter study area would probably be the result of
habitat that is not suitable for the y-o-y striped bass. Earl's Hollow provided a more

riverine environment, with deeper water and greater numbers offood organisms produced.
Black Fox had little flow as it was a protected cove. Striped bass move into and out of
shallow water relative to darkness(Richardson 1982). With all of Black Fox being

relatively shallow, the striped bass probably left the area in search of deeper water. The
site at Earl's Hollow provided both deep and shallow water.

Striped bass in this study were almost always collected over clay or sandy
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substrates. This could be due to the fact that Chironomidae and Ephemerellidae were

more apt to utilize this habitat(Higginbotham 1979). Striped bass have also been reported
to have been collected over gravel substrates(Ranthjen and Miller 1957). Collection of
the y-o-y striped bass was also very effective on or near the ramp.

Competition Among Y-O-Y Species

Although there were overlaps in food items among y-o-y species, there did not

appear to be any direct competition. Daphnia lumholtzi, Chaoborus, and copepods were
the most utilized aquatic organisms found as stomach contents, and they were also the
most abundant species that were collected in the light trap and plankton net samples.
Bluegill y-o-y were opportunistic feeders, taking advantage of all the aquatic invertebrates.
Largemouth bass also proved to have opportunistic feeding habits. However, the

largemouth y-o-y tended to key on larger food items such as Daphnia lumholtzi,
Chaoborus, mayfly larvae, and fish. Striped bass y-o-y preyed almost exclusively on shad;
the only diet overlap with the striped bass was the y-o-y largemouth bass. This overlap
should not prove to be an area of concern due to the timing when each species switched to
a fish diet. Striped bass began utilizing fish when they were stocked in early July; fish
were not used as food items by largemouth bass until approximately three weeks later.
Smallmouth bass did not switch to fish until approximately four weeks after largemouth.
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CHAPTER 6
SUMMARY

1. Ofthe 135,401 fingerling striped bass stocked at our study sites in 1995, a
total of 106 were recovered and examined for stomach contents. Other juveniles also

examined w^ere 93 largemouth and 22 smallmouth bass, 61 bluegill, 3 white crappie, 2
walleye, and 16 channel catfish.
2. Shad were the major food item for y-o-y striped bass. The striped bass
switched to a fish diet by the time they reached 7 cm in length. Other species, such as

largemouth bass and smallmouth bass, also utilized fish as a food item when reaching 7 cm
in length, but they reached this size later in the growing season.

3. Largemouth consumed shad, as well as preying on bluegill and other

largemouth bass. The diet ofsmallmouth bass consisted almost entirely of bluegill.
4. Chaoborus midges and mayfly larvae (Ephemerillidae) were the aquatic insects

consumed in largest numbers by all species while Daphnia lumholtzi and copepods were
the most utilized crustaceans. These organisms also were the most abundant organisms

captured in the light traps and plankton nets.
5. Electrofishing, gill netting, and seining were the collection methods used in

obtaining the y-o-y species . Seining on boat ramps was the most effective method of
collecting y-o-y striped bass. Striped bass were usually collected over clay or sandy
substrates.
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6. Collection at Earl's Hollow continued for 5 weeks longer than the collection at

Black Fox, due to the lack of recovery of any y-o-y striped bass at Black Fox. The habitat
at Earl's Hollow was more suitable, with deep water access nearby. The study area at
Black Fox was much more shallow; it was assumed that striped bass y-o-y dispersed
rapidly in search of deeper water.

7. There did not appear to be any competition among y-o-y species for food,

although there was some dietary overlap. This overlap should not prove to be an area of
concern due to the timing when each ofthe species switched to a fish diet. Striped bass

began utilizing fish when they were stocked in early July; fish were not utilized as food
items by largemouth bass until approximately three weeks later. Smallmouth switched to
a fish diet four weeks after the largemouth.
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